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BSPR: 

to treat sewage, to treat q^ouLwate? ?^^? I '"^^^"^ particularly useful 

water used in^aquacuZt^Je fisrproduction Usina the ^J^^^'h^ denitrify, the 

invention, bioreactors having mScnhoJte; h^H^^^n "^^^^^^^ °f the present 
conventional processes are possible ?^ese ^^orT^^^^^^^ relative to 

aquaculture production of fish usina re^vnlfn ^ ^^^l^^^'''^ ^^"^^^ Permit 
economically efficient, parJJcu^a^lv T^Vrtf. "'l^'"'^ ""^^^^ ^"^^ production 

sewage treatment applications us^na tL Ztl T^""^.^ u^^^^ ^^^^^ I" 
hydraulic retention times as shor^L "^^^^^^s of the present invention, 
the exceptionally high InterfacS surLr^^^ "^'^"'^^ possible. Furthermore, 

present inventio^ pe^mi^the use of ora^^?. "^^"^ ''^^ °f the 

low biochemical conversion rates In add?t?l "^ich have relatively 

invention with horizontaJ as well as verj^ca?' f w''^>,^'S^?^' P^^^^^^ 
suspended solids management and biofHr^? ' ^^^'^ through the bed, 

single bioreactor ^ement, and biofUm management can each be optimized in a 
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;^^t^--^-^^^^^-^- to the 

number of factors w^ich .ill bf Lp^^^^ e^?^'^''^" ^^^^^ ^ 

the nature of the reactant beina conveS.H ^^^^^^^ ^" the art, such as 

the availability of microLs capaMroreffectLrthf""^ conversion efficiency, 
under which the reaction is to Ee conducted (^P^^^.f conversion, the conditions 
oxygen, presence or absence of othermateriair^nn.f ■ ^^^^J'^'^^ °^ ^'^'^^^^^ °f 
byproducts of the reaction which are !'^^^^^^^^^^°"taminatxng the reactant or 
employed, and the ease of att^^?Hn microbes}, the carrier 

illustration, mj^r^bes sui^ablf JS? t^: tiel?m!nt'%''' 

bacteria, such as nitrifiers and mPh^.n^f ^ wastewater include aerobic 

acetogens and methanogens Where the reactant' ^ anaerobic bacteria, such as 

produced as a waste Product irag^acuIture ^L^ '""^ "^"^"^^ 

effecting nitrification include^tros^^^L ""i^^obes capable of 

nitrate ?eactants can Se effected u^Tn^r ^""^ Nitrobacter. Denitrif ication of 
Pseudomonas. A number ot mictlltt hf, \ ^^^^ety of denitrif iers, such as 
^ganic mol ecules from LganlfrLctlntf '"^^ biosynthesis of 

the production of alcohols sScrafeSanol f^^:"*^^^ ' "^^7°^^^ employed in 

fructose, sucrose, and xyloser starc^er^;^ T^""" ^""^"^^ glucose, 

have been employed in these coAver^?^? -f cellulose. A number of microbes 
cerevisiae), Clostridium tL^Scenur Ther^^ T"'" Saccharomyces 

preferably, Zymononas mobiur ?he prCsenr^nve^ ethanolicus, and, 

of microbes genetically engineered ?o e??pr^ ■ ^° contemplates the use 

typically conducted in batch processes frL^^^ ^^'^?^ ^'^ Present, are 

ed., Bioconversion of Waste Materiair;/?n^ r ?'^' example, in Martin, 

Elsevier Applied Science 1991 wMnh ^^^"^trial Products, New York : 
conversionfcan bfused' f of example to crod.^ ^"^^^^^^'^'^ reference. Such 
ubiquinone, and acetic ^cid ?^e metAods of ^ 12 (Corrinoide) , 

oarticularlv suitable to ef f ec^cS^^e^lLn^f ^a^f L^^ocKr^^b^^ 
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^^^^"t^iCfl^^^^ biologically activ. therape^i.. " 
antibodies. gital.s, vaccines, parathyroid hormones, and monoclonal 
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